Abstract. The practice of using environmental management systems (EMS) ISO 14001 at the organisational level indicates that the efficacy of such solutions depends on many factors, both endogenous and exogenous in nature. This article aims to identify the factors that determine the opportunities for the improvement of EMS in organisations, the analysis of the relationship between the factors and the classification of the factors due to their role in the system improvement. The structural analysis was used to classify and identify the key factors and then to categorize these factors into five groups. Finally, the role of these key factors in improving environmental management systems was examined. Based on the findings, guidelines can be offered to both scholars and practitioners regarding the factors crucial for the improvement of the EMS. Aiming to add value to the existing literature, the structural analysis was adapted to classification and identification of the key factors. From the point of view of practitioners, it seems to be very profitable to concentrate on the crucial factors during the process of EMS improvement.
Introduction
The ISO14001 environmental management system is premised on the concept of continual improvement, propounded by W. E. Deming (1986) . According to the ISO 14001 standard, an EMS is "the part of the overall management system that includes organisational structure, planning activities, responsibilities, practices, procedures, processes and resources for developing, implementing, achieving, reviewing, and maintaining the environmental policy" (ISO 14001 Final Draft 2015) .
The system is intended to function by providing a company with a source of benefits that are subject to quantification and assessment. In practice, however, continuous improvement is one of the most difficult aspects of the system to prove during certification or conformity audits. Also, while management systems yield easily identifiable benefits, they can also serve as a source of various problems. Another shortcoming of the ISO14001 standard is that it lacks an operational definition of what constitutes continuous improvement and how it can be assessed (Brouwer, (Kris) van Koppen 2008) .
Improvement of a management system is a domain that is devoted to the development of an organisation. Improvements to operations in an organisation can vary from slight changes, introduced in a continuous manner, to continuous improvement measures (Peiro-Signes et al. 2013; Medineckiene et al. 2010; Radziszewska-Zielina 2011; Tamošaitienė et al. 2013) . Regardless of the type of the improvement process, it should be carried out in accordance with the stipulations of the Deming cycle: Plan-Do-CheckAct (PDCA).
Based on the standard requirements of PN-EN ISO 9004, the continuous improvement process should be a part of the organisational culture, mainly through: allowing the staff of the organisation to participate in improvement actions by authorising them to take part; providing essential resources; setting up a recognition and reward system in the improvement process; and continuous efficiency as well as effectiveness improvement of the improvement process itself (ISO 9004: 2009) .
Improvement as a process should not be limited to action-reaction situations but rather ought to be regarded as a process that has a long-range perspective, foresees changes and keeps the organisation up to date with the most recent trends. From the outset, improvement processes of normalised management systems should emphasise the fact that normalised management systems are the next phase in achieving perfection (Granly, Welo 2014; Rybka et al. 2013; Junnila, Ristimäki 2012; Tambovceva, Geipele 2011) .
Taking into account the fact that improvement is a continuous process, it is crucial to identify the factors that play a significant role in the improvement process of the environmental management system ISO 14001 (Stevens et al. 2012; Hwang, Leong 2013) .
This article aims to identify the factors that determine the opportunities for improvement of environmental management systems in organisations, the analysis of the relationship between the factors and the classification of the factors due to their role in the system improvement.
The remainder of this paper is arranged as follows: the first part of the article presents the results of a literature review (Zhang et al. 2014; Kobylińska 2014; Masternak-Janus 2013; Lulewicz 2013) , whose primary objective was to identify the factors determining the processes of improvement of environmental management systems. As a result of the literature review, 15 factors most frequently cited in scientific research were identified. These factors, in the further part of the article, provided the authors with the basis for their classification made using the applied structural analysis. To this end, the second part of the article includes a detailed characterisation of the structural analysis, along with the indication of the current applications. The last part of the article presents the results of own research and a discussion of the results obtained in the context of previous studies on the determinants of the improvement of environmental management systems. Finally, fifteen factors were categorized according to their role and weight in the improvement process of the environmental management system.
Literature review
Continuous improvement is a vital attribute of an effective environmental management system. The ISO 14031, which is a member of the ISO 14001 family, provides guidance on the use of environmental performance evaluation to organisations, regardless of their type, size, location and complexity. The ISO 14031 standard elaborates on how environmental performance is measured and offers a description of environmental performance (Brouwer, (Kris) van Koppen 2008) . It is possible for the environmental management system to achieve continuous improvement by carrying out environmental objectives as well as by general improvement of environmental management or any of its elements. The ISO 14001 standard advises an organisation to continuously evaluate the outcome of its environmental activity in order to identify areas for improvement (ISO 14001: 2015; ISO 14004: 2004; . The analysis of the continuous improvement process can be carried out from two perspectives (Fig. 1 ).
To date, environmental management systems have been the subject of a great deal of scholarly inquiry. In particular, researchers have focused their analyses on the impact ISO 14001 has on environmental outcomes-performances (Testa et al. 2014; Zivkovic et al. 2013; Zobel 2013; Comogli, Serena 2012; Boiral, Henri 2012; Franchetti 2011; Gomez, Rodriguez 2011) and the identification of internal and external factors that impact upon the process of continuous improvement in companies (Brouwer 2004; Ratcliffe 2000; Ejdys, Matuszak-Flejszman 2010; Neugebauer 2012; Kim et al. 2013) . Several studies mention variables that moderate the relationship between an independent variable (ISO 14001 implementation) and a dependent variable (environmental or business performance) (De Jong et al. 2014; Berliner, Prakash 2013; De Vries et al. 2012) .
The authors of this article focused in particular on the determinants of the improvement processes.
Identification of determinants that are crucial in the improvement processes is an important element of the improvement process itself. Newman and Breeden (1992) contend that one of the most crucial factors in the maintenance and improvement of the environmental management system is the ability of the top management to envision environmental activities and at the same time provide the essential resources to achieve them. Moreover, Newman and Breeden argue that it is essential to include environmen- tal actions in all processes carried out in a given organisation, as well as to delineate staff responsibilities, and to carry out environmental actions resulting from the environmental management programme. Motivation has also been identified as a critical factor: staff members should be rewarded for taking an active part in achieving previously set goals and undertaking environmental actions resulting from the system's approach to environmental management (De Oliveira Baumbach et al. 2013; Srdić, Šelih 2011; Ciegis et al. 2008) .
Conclusions derived from a review of the existing literature on determinants that contribute towards the improvement in the environmental management system are presented in Table 1 . Table 1 . Determinants aimed at the improvement of the environmental management system
List of factors Author − the vision by the top management of environmental actions provides essential resources to achieve the vision Newman, Breeden (1992) − the engagement into the implementation of EMAS Heras-Saizarbitoria et al. − complementary standards such as ISO 9001 Neugebauer (2012) − the commitment of top and middle management Zutshi, Sohal (2004) − the commitment to the leading role played by the top management − staff participation − the evaluation of the management system by measurements and internal audits Badri et al. (1995) − the introduction and development of the environmental strategy − environmental awareness of management − the development of environmental awareness among staff − the system approach to environmental solutions in designing and developing a product − evaluation of a life cycle, recycling − redesigning of a product to decrease the amount of waste Epstein (1995 A number of factors that contribute to the improvement of the environmental management system were discernible in the literature (Table 1 ). These factors result from both an organisation's internal activity, as well its external surroundings.
Despite numerous publications concerning the factors (internal and external) of the improvement of environmental management systems ISO 14001, a significant research gap is the lack of a detailed analysis of the existing relationship between the factors that determine the EMS improvement processes and their classification. In spite of being developed based on Polish experiences, the classification of the factors of the improvement process proposed by the authors can be used for the improvement of organisations based in other countries as well.
A constantly growing number of ISO 14001 certificates in Poland, reflecting the interest of individual organisations, is also reflected in the interest in these problems on the part of the researchers. Since 1998, when the first Polish company implemented and received ISO 14001 certificate, more than 2220 local facilities attained the certification up to 2013 (date from www.iso.org). Although the main premise of this research is to contribute to the knowledge on the effective functioning of ISO 14001 in the context of Poland, the results will have implications for ISO 14001 in other emerging economies.
The network analysis and structural analysis were then applied to the above-enumerated factors with the aim of identifying the ones that are crucial to the improvement of the environmental management system.
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Methods
Structural analysis is a tool that structures the pooling of ideas. It is a system that utilises a matrix that combines the constituent components of the system. This method identifies the core variables that are both influential and dependent, i.e. those that are essential to the evolution of the system. Moreover, the structural analysis is a tool that enables the ordering and analysing of sets of structures, including a large number of variables, which are also known as factors and exert an influence on one another. By analysing dependencies between ostensibly irrelevant factors, the structural analysis method allows researchers to describe a mutual impact, as well as reaction. Based on these reactions, it is possible to distinguish the most important variables (Godet, Durance 2008; Arcade et al. 1994; Baležentis et al. 2010) . Application of the structural analysis to each pair of A and B factors yields answers to the following questions: (i) does the A-factor have a direct impact on the B-factor? (ii) If so, is this impact small, medium, or crucial?
The structural analysis in the area of environmental management has so far been used, for example, to examine the relationship between the key practices of TQM and KM (Keng-Boon 2014), to analyse the relationship between the different components of the environmental responsibility (Gallardo-Vázquez, Sánchez-Hernández 2014).
The structural analysis can be conducted by utilizing the existing MICMAC computer software, created by M. Godet. The results yielded by the MICMAC software help to group variables and to identify variables that have the strongest influence on the entire system. The application of the MICMAC software allows to analyse complex systems whose functioning depends upon various driving forces. This then allows to simplify the system by identifying the crucial factors.
The algorithm used in the MICMAC software is based on three fundamental stages ( Fig. 2 ):
Stage 1: Determining factors that have an influence on the given occurrence.
Stage 2: Describing relations between factors by building a matrix and drawing a direct and indirect impact graph.
Stage 3: Identifying groups of factors including crucial factors and drawing the influence-dependence chart (Ahmed et al. 2009 ).
Stage 1. The described process begins with establishing all internal and external variables that are characteristic of a given occurrence with a view to creating a system of interrelated dynamic elements. Among the methods to identify factors that have an influence on the environmental management system (ISO 14001) were a literature review and an expert panel.
Stage 2. When variables are established, an influence-dependence model is created. The matrix of direct impact allows to identify the relationship between factors that exert an influence on the research subject. The influence of the factors is often graded according to the three-stage scale: 0 meaning no influence; 1 -a small influence; 2 -a medium influence (essential, but not crucial); 3 -a crucial influence. An exemplary matrix is shown in Table 2 . The strength of the structural analysis lies in its ability to identify relations among variables (Nazarko et al. 2011) . A mutual influence among variables is not readily discernible and can even be unrecognisable by experts in a given branch of science.
The essential stage of the MICMAC methodology is that of the identification of crucial factors. MICMAC software depicts the force of direct as well as indirect relationships between factors, based on a predefined matrix of the indirect impact. The direct matrix of impact is then transformed into a graph, in which vertices correspond to the given factors. Next, in order to determine the degree of influence of each factor on the remaining factors, it is crucial to determine the number of paths and loops extending out from the graph vertex and corresponding to the factor in question. The strength of dependen- Regulator cies of the factor on other factors is made clear by determining the number of paths and loops going into the vertex of the graph corresponding to the factor. The indirect influence between the factors is elucidated by the consecutive raising to a power of the direct influence matrix, which allows researchers to determine the occurrence of the loop with the length described by the exponentiation of the matrix.
Stage 3. Identifying groups of factors. The MICMAC software enables us to present the results on the two-dimensional surface described by the coordinates, corresponding to the strength of influence and the strength of dependencies of the individual variables. The analysis of the distribution of individual factors on the two-dimensional influencedependency surface allows us to determine their role in the system (Godet, Durance 2011) .
The structural analysis allows distinguishing the factors that impact on a given research area: crucial factors, which are characterized by a large-scale impact and a high degree of dependency on other factors, and due to high instability, these factors require a critical scrutiny; aim factors, are dependent on other factors and tend to be influenced by such factors rather than vice versa; result factors are characterized by a low impact and high dependency on other factors and are especially susceptible to changes in the crucial factors; determinant factors have a strong impact on the system and are characterised by a low level of dependency on other factors, and can be regarded as a driving or braking force; regulatory and supplementary factors are characterised by a minimal impact on the system and can prove to be beneficial in achieving strategic goals; external factors are characterised by having a relatively smaller impact on the system than determinant factors, but a greater impact than autonomic variables, and are not impacted upon by other variables; autonomic factors are characterised by exerting the least impact on changes taking place in the system as a whole unit (Godet, Durance 2011; Lee et al. 2010; Mazurkiewicz, Poteralska 2009; Popper 2003; Wójcicki, Ładyżyński 2008 ). An example of factor classification is given in Figure 3 . In this research study, a structural analysis was conducted in three stages:
-creating a list of factors that impact on the improvement of the functioning of the environmental management system ISO 14001; -establishing a force of interaction between identified factors; -identifying crucial variables through the use of MICMAC software ver. 6.1.3.
Results
List of determinants
The list of wide range of factors determining the effectiveness of the improvement processes aimed at the ISO environmental management systems started with a literature review. Subsequently, the qualitative research method was used, which involved the participation of environmental management experts. The experts involved were consultants experienced in auditing and implementation of ISO standards (not limited to ISO 14001), and three university professors teaching and researching environmental management systems. As a result of the work of the expert panel, which was organised in the fourth quarter of 2013, fifteen factors were identified as important from the perspective of the EMS improvement processes and were used for further analysis. These determinants are enumerated below:
1. The strategy of the organisation. 2. The commitment of the top management. 3. Functioning and/or implementation of other management systems (quality, health and safety). 4. The participation of the organisation in systems or environmental programmes, e.g. EMAS, Cleaner Production. 5. Opinions, results and complaints of interested parties. 6. Market requirements and competition pressure. 7. Technical or technological possibilities of the organisation. 8. Financial resources of the organisation. 9. Motivation, involvement and staff awareness. 10. Applying an assessment system according to the ISO 14031 standard. 11. Using labels and environmental declarations according to the ISO 14020 standard. 12. Implementing an evaluation of the life-cycle assessment in accordance with the ISO 14040 standard. 13. Internal audits. 14. Certification body requirements. 15. Management review.
Then, according to the adopted methodology of the applied structural analysis, experts evaluated the force of interaction between the identified 15 factors. To this end, they were asked to complete the matrix enabling the evaluation of the impact force of individual factors on other factors.
Direct impact matrix
A direct impact matrix was created on the basis of a direct influence matrix, which was individually filled in by experts.
Each of the surveyed experts graded the impact of individual factors by employing the following scale: 0 meaning no impact; 1 -a small impact; 2 -a medium impact (crucial, but not essential); 3 -a crucial impact. The direct impact matrix included the factors that were most frequently cited by the experts.
The resultant direct impact matrix of the improvement of the environmental management system is depicted in Figure 4 .
Taking into account the assessment of the reliability of the scale used in this study, Cronbach's alpha coefficients for the 15 scales corresponding to the examined areas (Sc1-Sc15, Table 3 ) were calculated. In this approach, it was assumed that the measurement scales were separable, and the responses given by the respondents in the ordinal scales answered subsequent research questions. The results of the scale reliability analysis lead us to the conclusion that the scales adopted in the study were correct (Cronbach's alpha of no less than 0.8 in 80% of cases). It means that further measurements adopting such a scale allow to obtain insignificantly different results.
The characteristics of the basic properties of the direct impact matrix are presented in Table 4 . Legend: 0 -no impact; 1 -a small impact; 2 -a medium impact; 3 -a crucial impact. Number of zeros (no impact ) 37
Number of ones (a small impact ) 91
Number of twos (a medium impact ) 69
Number of threes (a crucial impact) 28
Degree of completion 83.6%
Source: research by the authors.
In 37 instances, the dominant value was 0, indicating that there was no relationship between these factors; in 91 instances, slight dependencies were found; in 69 instances, a medium impact was discovered; and in 28 instances, crucial dependencies were discovered. Values other than 0 were present in 83.6% of the fields indicating that the experts identified many more dependencies than in previous analyses; on average, the degree of completion was approx. 20% (Wójcicki, Ładyżyński 2008) .
Total impact strength and the strongest direct impact between the factors
The total strength of impact determined among the fifteen factors is presented in Table 5 .
The results clearly indicate that the following factors have a strong direct impact: the involvement of, and the leading role conducted by the top management; the presence of a variety of management systems in an organisation; external audits and management review. The factors that have the least impact on the remaining elements, including the following: certification body requirements and opinions and complaints of stakeholders. These factors are external in nature.
The factors and elements that receive the greatest impact by other factors include: the strategy of an enterprise; the involvement of, and the leading role conducted by the top management; as well as the management review. Conversely, the factor that receives the least impact is the certification body requirements. Within the framework of the analysis conducted, a graph presenting the direct factor impact was created using the PAJEK software (Fig. 5) . Figure 4 constitutes a graphical representation of the impact individual factors have on one another. The arrows indicate the direction of the impact and the line congestion in the field of the selected factors presents either those factors that receive the greatest impact, or those that exert the greatest impact on other factors. These include: management commitment, the strategy of the organisation, and management review.
Factor classification of the structural analysis based on the direct impact
The layout of the structural analysis factors on a two-dimensional surface depicting impact-dependency is presented in Figure 6 . In accordance with the MICMAC methodology, some characteristic feature groups were distinguished.
From the structural analysis into factors impacting on the improvement of the environmental management system, five groups of factors can be discerned: (i) crucial factors, (ii) aim factors, (iii) supplementary factors, (iv) regulatory factors and (v) autonomous (independent) Factors. The authors didn't limit the number of groups, but the conducted research resulted only in five groups of factors.
Crucial factors or factors that exert the greatest impact on the improvement of the environmental management system, include the following: -the commitment of the top management; -functioning and/or implementation of other management systems (quality, health and safety); -internal audits; -management reviews.
The strategic activity of an organisation was included in the 'aims' group, which indicates that it is a fairly dependent factor that exerts a medium impact on the remaining factors. According to the results, experts involved in the project thought the environmental management system exerted an impact on an organisation's strategy rather than vice versa. This means that the strategy reflects an incommensurate need for the improvement of the system. The following factors are average-dependent and exert an average impact on the remaining factors; therefore, they can be classified as regulatory factors:
-technical or technological possibilities of the organisation; -financial resources of the enterprise; -motivation, involvement, and staff awareness; -organisation participation in systems or environmental programmes etc. EMAS; -market requirements and competitors pressure.
This group of factors includes the determinants of internal and external nature. The factors of internal nature included the factors related to the provision of adequate resources, both technical and technological, financial, as well as human resources related to the provision of adequate staff motivation, commitment and raising the awareness of employees. In the process of improving the environmental management systems, the requirements of the market and competitive pressures play an important role among the regulatory factors. The dynamics of changes in the environment, which is the result of the increasing volatility and complexity of the environment, force the organisations with certified ISO environmental management systems to conduct improvement measures.
Another group of factors determining the processes of improving environmental management system ISO 14001 involves supplementary factors which include: -the application of an assessment system in accordance with the ISO 14031 standard; -the use of labels and environmental declarations in accordance with the ISO 14020 standard; This group of factors includes utility standards ISO 14031, ISO 14020 and ISO 14040, which constitute guidelines for the improvement of individual elements of the environmental management system. These standards define the general assumptions in terms of measuring environmental performance (ISO 14031), the use of eco-labelling (ISO 14020) and the evaluation throughout the life cycle (ISO 14040). The obtained results confirmed that an essential element for the improvement of the environmental management system is the guidelines laid down in the utility standards mentioned above.
The fifth group that constitutes the autonomous factors, i.e. factors that have the smallest impact on the improvement of the environmental management system, includes: -certification body requirements; -opinions, applications, complaints of the interested parties.
Discussion of the results
The obtained results are consistent with the results received by other researchers indicating a strong relationship between the achieved positive results of the environmental management system improvement with the top and middle management commitment (Heras-Saizarbitoria 2011; Zutshi, Sohal 2004 ).
In the group of identified crucial factors, there are factors that indicate the functioning of other systems, such as, high-quality management or health and safety systems, which are also crucial to continuous improvement. The implementation and functioning of integrated systems within an organisation are sufficient evidence that these systems have proven to be beneficial to organisations. Similar results were found in a more recent study, the data of which indicated that manufacturing facilities with certified EMSs in seven OECD countries are more likely to have a variety of other environmental management tools in place (Johnstone, Labonne 2009) . Having additional management systems in place can also lead to the improvement of the environmental management system. It is significantly easier to improve an integrated management system associated with the management culture of an organisation. In such a system, an organisation has greater possibilities, for instance, it can combine the objectives of its various management systems. However, this depends on the approach of the personnel responsible for the integrated management system. In the course of integration, various management systems of an organisation can produce a synergistic effect (Salomone 2008; Hamidi et al. 2012; Simon et al. 2012 ).
The results of conducted studies have proven that in addition to audits, management reviews also constitute a crucial factor in the improvement of the environmental management system. It is essential that reviews of the management policy are carried out at the level of the top management of a particular organisation. As they have a strategic character, only the personnel involved in the development of the organisation can observe the inconsistencies between presuppositions of the current plan and strategic plans.
One of the identified factors from the group of regulatory factors, which determine improvement processes, is the involvement of the organisation in other systems and environmental programmes, such as EMAS. A research conducted by Testa et al. (2014) also confirmed that the adoption of ISO 14001 seems to be accompanied by greater improvements in environmental performance in the short term than in the long term. As a consequence, the maturity of an ISO 14001 certification is not regularly coupled with a strong improvement in environmental performance (Testa et al. 2014) . On the contrary, implementation of EMAS by organisations lead to a process that is strongly influenced by the involvement of competent authorities in verification phases. This results in both an opportunity for developing transparent and collaborative relationships with relevant public and private stakeholders and a stronger pressure towards tangible and continuous improvements in the environmental performance.
The obtained results also confirmed that the requirements of the certification bodies (Certification) included in the group of autonomous factors, do not constitute a prerequisite for organisations with environmental management systems to improve the systems. Certification bodies are often more interested in the assessment and verification of compliance of the system with the requirements of the standard, than the actual improvement process. Similar results were obtained by , indicating that certification audits, far from preventing the superficial adoption of the ISO 14001 standard, contribute to the spread of procedural environmental practices that emphasise paperwork rather than internal efficiency.
Conclusions
The conducted study is an example of the application of the structural analysis for the purpose of the classification of the factors determining the improvement processes in an organisation with ISO 14001 certified environmental management systems. They extend the current area of interest, which was mainly focused on the identification of the factors of improvement without the analysis of the relationships occurring between them.
The structural analysis demonstrates that the involvement of, and the leading role played by the top management serves as a crucial factor in the improvement of the environmental management system. The results have proven that the 'top down' approach constitutes a crucial element in improving management systems, as the involvement of the top level management that demonstrates the wanted attitude ensures the involvement of other staff members and motivates them for continuous improvement.
In summary, the research presented in this article offers three types of first-hand, practical applications of the method and findings. Firstly, to the academic community it presents the application of the structural analysis to the study of environmental managements systems. Secondly, to the companies who either consider or have already implemented the system, the research findings show the most important elements needed to achieve the best results from the investment in the system. Thirdly, to the external auditors and ISO consulting community, the article supports their earlier practical experience with ISO 14001 with academically tested arguments on what areas of the system implementation should require additional support in order to bring the best result to the company.
Limitations and further research
As in most other studies, the results presented in the article can be interpreted taking into account some limitations.
The first research limitation is its national character, which makes it impossible to carry out comparative studies in an international system. However, focusing the studies on the national context has enabled us to gain new knowledge concerning the applicability of the structural analysis for the classification of the EMS improvement factors.
Consequently, the second limitation of this study was the limitation of the perspective of the conducted analyses to a group of experts with qualifications, knowledge and experience in the implementation and certification of environmental management systems. The potential area of research interests in the future may be the analysis of the factors determining the processes of improvement of ISO 14001 environmental management systems, conducted from the perspective of units possessing these systems. This type of study would allow for the subsequent conduct of a comparative analysis for the two groups.
The third limitation is that in the case of structural analysis used in this research, input data is of the subjective nature, specifically the list of variables enumerated during the first phase of the research and the relationships among those variables determined by a team of experts in a given field.
Future research could search for the existing links and classification of factors determining the improvement of the environmental management system from the perspective of organisations possessing these systems, and on the other hand, the extension of the scope of the study with the international context allowing for a further analysis of the causes of variation of the results obtained in individual countries (Mariotti et al. 2014 ).
